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Chem 4A, Fall 2006

Midterm exam 3, November 17, 2006

Prof. Head-Gordon; Prof. Moretto
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6. (3 points)
7. (3 points)

Total:

Close book exam. There are 6 pages. Calculators are OK. Use back side of pages for

scribble paper.

‘Some possibly useful facts and figures:

R =8.3145 ] mol” X!
kg= 1.38066 X 1072° JK!

For 1 mole of ideal gas :

E=3/2RT;Cv=3/2R

molar volume at STP=224L
No=6.0221 x 102 mol’

S=3/2 RInT+RInV

Substance AH¢ (kJmol™) S° (Jmol’K™) AG{ (kJmol™)
CHu) -75 187 -51
Ose) 0 205 0
H,0(1) -286 70 237
H,0(g) 242 189 228
COy) -395 214 -229
CaCO; ) -1207 93 -1129
CaOg -635 40 -604




1. (7 points) Given the unbalanced reaction :
CH4+ 0O, & CO, + H)O 0
a) (lpoint) balance the equation

" , ,

e i) 202 (= Uzt * 2ha0(h)|

J 1\ . v ¢ N
b) Start with 1.0 moles of CH4 and enough O, to burn it completely.
Calculate:

—m—

e (2points) AH’; AG®

- [-2%5 w1 2(-266)1- 116 +2()1 7 [-592 X7 [t |
Ak - 1229901 + 2(237)] -1°51 + 2()1= (50 H]

e (2points) the initial and final volume at 1 Atm and 25°C
( neglect the volume of liquids)

vilwme, of 1wl ideal gie ® STP (T 0c)=224 L (Scka ] 21)

e, nitiel: (3ml) (224 30 ( F5F )|

124L

vlwnt, fnal el — 3 v, = 2461

¢ (2points) the final temperature if you keep the initial volume fixed and
the container isolated ( Assume only translational degrees of
freedom) . Should you take into account water molecules?

feale. AN 4or Had (J)" [-3% & + 2(-242)7 -1 1201 - |04 K

tv=g2ne = 2 (3mil 176 o 1N(D)= 3R 374 Mt

E=-AH = +g04 ki- EZnRAT = 2RAT = 374 max (4D

AT =21 44 K (Thnst - 206K+ AT = 21 TVTE)




2) (1point) A heat pump is used to keep a house at 25°C. The outside temperature is 0°C.
Calculate the efficiency of an ideal heat pump. (Hint: it has better be >1!)

£ = (heat out) / (electrical energy in)

_ L1 |
§ cﬂiumq if h{ﬂfywm‘» = T~ o213 - L0A2 or 1112

f

T = IﬂVj{v temp= 2% K
Tz = amnller ‘HW‘P =213 K

3) (4 points) One mole of ideal gas at temperature T and volume V is expanded
isothermally and reversibly to volume 2V.

e (2 points) Calculate AS

Vo
AS= R My - (! m) (R) [ (%)
AS: nRIn2- Zln2= 574 :r/f\/wlﬂ

e (2 points) The same initial gas is adiabatically expanded with no

external work to the same volume 2V.
Calculate AT and AS.

"adiabafc " - 10
AE;0|+W:0+ 0:0

AE= ZnRAT — [AT=0]

(AC- P> = 57 Twel k& ble state funchon]
> Same a8 abeve yalug, fr AS




4) (4points) You toss 10 quarters of which n turn out heads. Each head will cost you the
quarter . (cost is like energy)

e (2poinst) Write down the entropy S as a function of the total cost (energy).
No calculations are needed

¢ kb n= _N
nt (N-p

Nl sl N g
h="n mt (N«m)‘ nl (1-1)!

E< 0250 — n- o2

5= kn

(o] (1 E[o.zs}!\

e (2points) Can you figure out for which n is S maximum? ( you can get the
answer just by 1nspect1ng the formula)

N vt T vitee navsk be 4 bl yu
C=kln e 3' Lot takg e Wk - vilue. ko
()2 - g i valug Mk e 21

nd ke tht [0 =0

- ~ —

o _ 10! ‘
R R A R e A - 2
— | ol (w-0) !
el > wh o w!
! (10-10)! 0!

Smiima car @ nm o o S symmebic Hhen

maximum e (@ N9 |




prlanced

5) (4points) Consider the reaction J
CaCO3(S) - CaO(S) + CO, ®

e (2points) Calculate AH®; ASand AG?". Is the reaction spontaneous at
standard conditions?

A7 D630+ 216 -0-o1ls o7 B ]
AS' DAmgle + 2149 -T4a3) = [ Ve ]
AG = T-604 KL+ -29 7 F-121) = [12 @]

[ Feadtion S NOT sioptangens @ STP bo|c A= 6|
\

e (2points) Assuming AH® and AS® to be temperature independent,
estimate at what temperature AG=0

MG S AH - TAC
D= |77 K - T K[

T - UM K824




1 0 - " = * O_,v
ANty
6) (3points) The solubility product of AgCl is K5][,=10'10 . Calculate :

e (1point) the solubility of AgCl in pure water
"j“ [s) = A’f tol”

Kep= CAILATD = (¥
=LY = =52

L;:\/@-: Yixg™ = jo¥® MA\

e (2points) the solubility of AgCl in a 1.0M NaCl.

Nl = Nat +u- (oM Nad—= (M Nat + LMo

b= LhNPAATY = 1o v ™
=[s ftovl)'lflf"

[s- 1x M|

7) (3 points) Sulphur has four phases : rhombic, monoclinic, liquid, gas. By means of
Gibbs’ rule calculate the maximum number of phases that can coexist. In a P,T phase
diagram identify the triple points, the coexistence lines, and the variance in the relevant

parts of the diagram.

Gibi Phest, R V= n-f+2
[-1+2
FL 2= mn & phﬂ\MWt wronist]

+MM DOIM’IL}' Tivh my, vn\&uw
‘ Tz W\m n'\mw( VA
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